Introduction
============

Neuroimaging studies indicate that affective and cognitive processes are closely integrated in the brain ([@nsx038-B20]; [@nsx038-B51]; [@nsx038-B38]). Within experimental psychology, it has been long recognized that affective states can influence a range of cognitive processes ([@nsx038-B3]). For instance, behavioral and neuroscientific studies have shown that executive control of attention---an emblematic example of higher order cognition---is dependent on emotion (Schupp *et al.*, 2006; [@nsx038-B42]). A vast majority of these studies have examined how involuntary, bottom-up capture of attention and voluntary, top-down maintenance of attentional focus is biased towards emotional stimuli ([@nsx038-B56]). Far fewer studies have investigated how the affective state of the individual is reflected on these attentional functions and their neural correlates.

The idea that positive affective states broaden and negative states constrict the scope of attention has a long tradition in cognitive psychology ([@nsx038-B25]). Empirical support for the first notion comes from behavioral studies indicating that positive mood promotes a global bias in global-local visual processing experiments ([@nsx038-B26]), more flexible allocation of attention from one visual stimulus to the next in the attentional blink paradigm ([@nsx038-B47]) implicit learning of to-be-ignored text ([@nsx038-B6]), and even awareness of contralesional stimuli in patients with visual neglect ([@nsx038-B59]; [@nsx038-B13]) Although diffuse allocation of attention in positive mood can promote flexible responding, it may also manifest as heightened distractibility. In line with this proposition, [@nsx038-B22] found that positive mood increased interference from novel distractors in a visual categorization task. Along the same lines, Rowe *et al.* (2007) found that after undergoing a positive mood induction subjects were less able to ignore task-irrelevant stimuli adjacent to a central target in the Eriksen Flanker task. Furthermore, a recent study reported that subjects were more susceptible to distraction by deviant sounds during a audio-visual oddball task after a positive mood induction ([@nsx038-B49]). Thus, these studies suggest that positive mood may promote more broad focus of attention and flexible switching at the expense of filtering out irrelevant peripheral information.

Evidence from event-related potential (ERP) and neuroimaging studies also supports the supposed expansion of attentional focus in positive mood. Specifically, induction of positive mood has been reported to augment early cortical ERP responses to peripheral visual stimuli while subjects fixate on a central discrimination task ([@nsx038-B44]; [@nsx038-B68], [@nsx038-B69]) suggesting that positive mood increases the amount of processing resources devoted to to-be-ignored visual stimuli. An fMRI study on the effects of mood on scope of visual encoding took advantage of the relative selectivity of the so-called parahippocampal place area (PPA) to place information such as pictures of houses (Schmitz *et al.*, 2009). Subjects engaged in face discrimination task in which they were shown compound stimuli composed of a small picture of a face superimposed at the center of a larger picture of a house. Positive mood enhanced the suppression of the PPA response to repeated house images while negative mood induction decreased the PPA response to novel house pictures suggesting that positive mood broadened and negative mood reduced the scope of visual encoding. Finally, an fMRI study by [@nsx038-B66] found that listening to pleasant (consonant) music improved performance in a concurrent visual target detection task and influenced activity in brain regions associated with attentional control which the authors interpreted as evidence that music induced positive emotions may broaden visual attention.

An influential theoretical account for the effects of emotion on cognition posits that affective states promote the adoption of the situation-appropriate information processing strategies by signaling whether the current situation is 'benign' or 'problematic' ([@nsx038-B57]). According to this framework, a negative affective state signals a problematic situation that requires detailed oriented, narrow focus of attention whereas a positive affective state indicates the absence of a problem in the environment and as a consequence a lowered need for highly focused attention and effort ([@nsx038-B42]). Echoing this notion, the effects of positive affect on attention have been described in terms of relaxation of inhibitory control ([@nsx038-B52]), flexible switching ([@nsx038-B22]) and a state characterized by exploration ([@nsx038-B47]). Other authors have argued that cognitive control itself is an inherently emotional process (Inzlicht *et al.*, 2015). Namely, it has been proposed that situations requiring cognitive control always trigger a negative affective state and, furthermore, that this negative state is critical for mobilizing the effort needed for cognitive control ([@nsx038-B29]; [@nsx038-B70]). One prediction that follows from this proposition is that positive mood should counteract the negative affect driving cognitive control ([@nsx038-B70]) and thereby loosen control over attentional focus ([@nsx038-B49]).

If positive mood broadens the scope of attention, it might at first glance seem that sad mood should promote highly focused attention. However, while some studies support this notion ([@nsx038-B55]), other studies that have contrasted performance in task of executive functions in sad and neutral moods suggest that sad mood either has little effect of cognitive control (Chepenik *et al.*, 2007) or has *similar* effects than happy mood. Namely, some studies indicate that similarly to happy mood, sadness also induces more flexible switching of attention in attentional blink experiment ([@nsx038-B31]) as well as heightened distractibility ([@nsx038-B48]). Such results are compatible with the proposal that all non-neutral emotional states induce a cognitive load and thereby deplete resources for control over attention \[for a critical discussion, see [@nsx038-B42]\].

The vast majority of the studies reviewed so far have been conducted in the visual domain while the effects of affective states on auditory selective attention remain largely unexplored. Some of the earliest studies on selective attention were conducted in the auditory domain ([@nsx038-B15]; [@nsx038-B10]) and subsequently a vast body of behavioral, electrophysiological and neuroimaging work on selective auditory attention has accumulated ([@nsx038-B27]). A classic setting for investigating selective auditory attention is the dichotic listening paradigm ([@nsx038-B15]) in which the participants are presented with two different streams of auditory stimuli simultaneously into the left and right ears and asked to attend one the streams while ignoring the other. In the ERP literature, the influence of selective auditory attention in such paradigms has often been quantified by measuring responses to deviant sounds presented among repeating standard sounds in the unattended channel and to target sounds in the attended channel.

In dichotic listening paradigms as well as in conventional oddball paradigms, unattended deviant sounds elicit a negative-polarity fronto-central deflection between 150 and 250 ms after sound onset. The traditional interpretation holds that this deflection is composed of two functionally distinct responses, namely, the N1---an obligatory response to any above-threshold sound---and the mismatch negativity (MMN)---a change-specific response elicited only when a sound violates some regularity established by preceding sounds ([@nsx038-B45]; however, see [@nsx038-B39]). The N1/MMN complex is reduced in amplitude for sounds in the unattended channel in dichotic listening paradigms (Woldorff *et al.*, 1991; [@nsx038-B46]; [@nsx038-B2]; [@nsx038-B63]) and thus provides a useful index of auditory selective attention. Salient changes in unattended sounds may also elicit the P3a, which is a positive-polarity and fronto-centrally maximal response between 200 and 400 ms ([@nsx038-B60]; [@nsx038-B23]). The P3a has traditionally been considered a marker of involuntary, bottom-up attention capture ([@nsx038-B24]). In line with this interpretation, sounds that elicit P3a also consistently deteriorate performance in a concurrent visual or auditory behavioral task (Escera *et al.*, 2000). Finally, task-relevant target stimuli typically elicit the P3b response, which is a positive polarity deflection with a more parietal maximum and a slower latency relative to that of the P3a. The P3b is generally assumed to reflect effortful, top-down allocation or investment of attentional resources towards task-relevant stimuli ([@nsx038-B36]). In sum, the N1, MMN, P3a and P3b provide a way to investigate whether affective states have comparable effects top-down and bottom-up auditory attention as has previously been demonstrated for visual attention. Surprisingly, no study do date has employed these classic markers of auditory attention to investigate the effects of positive mood on attentional scope.

In the current study, we used a dichotic listening paradigm in which the sound in the to-be-ignored channel consisted of standard tones and infrequent novel sounds meant to elicit the N1/MMN/P3a-complex while the sounds in the attended channel consisted of repeating non-target sounds and infrequent target tones, the latter of which were meant to elicit the P3b. Behavioral measures of distraction (reaction times and error rates) were obtained by requiring the subjects to press a button each time a target sound was presented. For mood induction, subjects listened to unfamiliar happy, neutral or sad instrumental music, which has been demonstrated to be effective mood induction method ([@nsx038-B71]). The aforementioned studies on the effects of mood on attention have mostly employed non-musical mood manipulations such as viewing affective pictures ([@nsx038-B21]; [@nsx038-B54]) or films ([@nsx038-B26]) and self-generated mood induction such as mental imagery ([@nsx038-B68]). Even those studies that have utilized music have tended to pair music listening with additional emotion inducing tasks such as the recalling or imagining of emotional life events ([@nsx038-B48]) or generating mood congruent thoughts ([@nsx038-B52]). In the current study, we test whether mood induced by simply listening to unfamiliar instrumental music can affect attentional scope in the auditory domain.

If positive mood broadens the scope auditory attention at the expense of control over distraction, subjects in happy mood should display enlarged N1/MMN and P3a responses to the novel sound in the unattended channel as well as deteriorated behavioral detection of the targets on trials following the novel sounds. Furthermore, since allocating attentional resources across competing stimuli has been reported to reduce the P3b, the P3b to the target sounds could also be predicted to be diminished in positive mood. Finally, the sad mood induction condition allowed us to test whether music-induced sadness augments or decreases responsiveness to to-be-ignored stimuli, both of which have been reported previously in studies using other than purely musical mood induction ([@nsx038-B55]; [@nsx038-B48]).

Materials and methods
=====================

Participants
------------

Fifty-seven volunteers with normal hearing and no history of neurological disorders participated in the experiment. The subjects were pseudo-randomly assigned to sad, neutral or happy musical mood induction condition. Two subjects were excluded from further analyses due to a technical failure during the EEG recording and one due to a very low hit rate in the task. Thus, the final sample consisted of 54 subjects (Sad: *N* = 18, Neutral: *N* = 18, Happy: *N* = 18, mean age = 28, 9 males). The subjects were rewarded with a movie ticket for their participation. The experiment protocol was approved by the Ethical Committee of the University of Jyväskylä.

Procedure
---------

The experimental session began with the attachment of the EEG electrodes and a short practice trial of the task. Thereafter, the subjects underwent a mood induction protocol that lasted for 3 min and consisted of listening to an excerpt of a sad, neutral or happy musical piece. Since our primary aim was to test whether mood induced by music *per se* is sufficient to influence attention, we minimized the possible confounding effects of autobiographical memories and lyrical content by using unfamiliar instrumental music. The subjects were instructed to concentrate on listening to the music and were informed that they will receive questions about the music afterwards. The role of affect was not explicitly mentioned. After listening to the musical piece, the subjects reported how much they liked the music, and how well a set of emotion terms (e.g. sad, happy) described their emotional response to the musical piece on a seven-point scale (1= not at all, 7 = extremely well). The questions and emotion terms were presented one by one on a computer screen and the subjects gave their answers by a button press. In addition to the piece used in the mood induction, all subjects also rated the other two pieces as a part of another task (to be reported elsewhere).

The mood induction was followed by a dichotic listening experiment. The subjects' task was to attend to sounds presented to the right ear and detect target tones (piano and trumpet sounds) among them while ignoring sounds presented to the left ear. They were instructed to press one button on a response box when they heard one the piano sound and push another button when they heard the trumpet sound (the sound-button association was counterbalanced across subjects). The dichotic listening task was divided into two approximately 5-min blocks. Between the blocks subjects listened to a one-minute reminder excerpt of the musical piece they heard during the mood induction.

Stimuli
-------

The musical pieces for the Sad, Neutral and Happy mood conditions were 3-min experts from *Discovery of the Camp* (Band of Brothers soundtrack), the first movement of *La Mer* by Claude Debussy and *Midsommarvaka* by Hugo Alfven, respectively. These pieces have been used in previous studies to successfully induce the positive, negative and neutral mood states ([@nsx038-B37]; [@nsx038-B72]).

In the dichotic listening task ([Figure 1](#nsx038-F1){ref-type="fig"}), sounds were presented in an alternating manner to the left and right ears (i.e. each sound presented to one ear was followed by a sound presented to the other ear). The sounds in the attended right channel consisted of *Target, Non-target* and *Cue* sounds (approximately 20, 60 and 20%, respectively). The Target sounds were trumpet and piano tones edited from the McGill University Master Samples sound library. The Non-target and Cue sounds were complex tones with two upper harmonic partials that were --3 and --6 dB relative to the fundamental, respectively. Both the Target and Non-target sounds had the F0 of 440 Hz while the Cue sounds had the F0 of 1000 Hz.

![The dichotic listening paradigm. The sounds alternated between the attended right (Target, Non-target and Cue sounds) and the to-be-ignored left channel (Standard and Novel sounds). The subjects' task was to respond to the target sounds by a button press.](nsx038f1){#nsx038-F1}

The sounds in the unattended left channel consisted of *Human* and *Non-human Novel sounds* and repeating *Standard tones* (approximately 5, 5 and 90%, respectively). The Human novel sounds were vocalizations such as laughs and cries etc. modified from the International affective digitized sounds database ([@nsx038-B8]). The Non-human novel sounds, in turn, were spectrally-rich, artificial sounds. These particular sounds were used since they provide a rich array of varying novel sounds that have been used in previous studies to obtain robust P3a responses (Sorokin *et al.*, 2010). The Standard tones were complex tones with two upper harmonics partials (--3 and --6 dB relative to the fundamental) and had the f0 of 500 Hz.

All sounds were 200 ms in duration including 10-ms rise and fall times. The sounds were presented in alternating manner to the left and right channels with a constant interstimulus interval (ISI) of 175 ms (i.e. the within-channel ISI was 350 ms).

The Target sounds in the attended channel were presented pseudo-randomly among the Non-target sounds with the restriction that consecutive Target sounds were separated at least by 9 sounds. On half of the Target trials, the third preceding sound was a novel sound in the unattended channel (Novel-target trials) and on the other half of the Target trials it was a Standard sound (Standard-target trials).

The Cue sound signaled that a Target sound would be presented after five intervening sounds (i.e. Standard, Non-target, Standard, Non-target, Standard or Standard, Non-target, Novel, Non-target, Standard). The Cue sounds were included in the sequence to help the subjects to maintain their attention toward the right channel and to lessen the predictive value of the Novel sounds in the unattended channel as cues for the upcoming presentation of a Target sound.

EEG and autonomic activity data collection and preprocessing
------------------------------------------------------------

EEG was recorded from 128 active electrodes mounted on a standard BioSemi electrode cap using a BioSemi system (BioSemi B.V., the Netherlands) with a sampling rate of 512 Hz. Two active EEG electrodes were attached to the nose tip for off-line re-referencing and below the right eye for monitoring eye blinks.

The off-line processing of the EEG was performed using EEGlab ([@nsx038-B19]). The continuous EEG was filtered (0.5--20 Hz) and epoched from −100 to 400 ms relative to stimulus onset. Thereafter, epochs with large, idiosyncratic artifacts were identified by eye and removed before an independent component analysis (ICA) was performed on the epoched data. Components due to eye blinks and horizontal eye movements were removed and epochs with amplitudes exceeding ±100 μV were discarded. The remained epochs were averaged separately for each sound type.

Electrocardiogram (ECG) and Electrodermal activity (EDA) were measured using the Biosemi ActiveTwo system during music listening and a 2-min silent baseline obtained at the beginning of the recording session. SCL was measured with Nihon Kohden electrodes placed on the volar surfaces on medial phalanges ([@nsx038-B18]) and ECG with Biosemi Active-electrodes placed on the lower left rib cage and on the distal end of the right collarbone ([@nsx038-B61]). Mean values of EDA, heart rate and heart rate variability in low (0.04--0.15 Hz) and high (0.15--0.4 Hz) frequency ranges were computed for the baseline and a 2-min period beginning 30 s after the onset of the music.

Response amplitude quantification and statistical analyses
----------------------------------------------------------

The N1/MMN and the P3a mean amplitudes were measured from novel-standard difference signals separately for the two novel sound categories over 100--150 and 225--275 ms post-stimulus onset, respectively. The P3b mean amplitude was measured from target-non-target differences signal over 350--400 ms post-stimulus onset. Our preliminary analyses showed that there was no significant amplitude difference between P3b responses on Target trials following novel sounds and those following standard sounds. Therefore, the P3b for both types of trials were averaged together.

For the statistical analysis of the response mean amplitudes, we used three regions of interest (ROI) of midline channels. Namely, we included a frontal ROI (channels C18, C19, C20 and C21/Fz) and a central ROI (channels A1/Cz, A2, A3 and A4) for the analysis of the MMN and P3a and a posterior ROI (channels A19/Pz, A20, A21 and A22) for the analysis of the P3b.

Because of the rapid presentation rate, we had to ensure that no confounding effects in the time range of the N1/MMN, P3a or P3b could arise simply from acoustic differences between stimulus types in the preceding and following sounds. Therefore, we only analyzed responses to Standard and Non-target sounds that were matched to the Novel sounds and Target tones with this regard. Namely, we only analyzed responses to Standard sounds that were presented in a similar position in the sequence as the Novel sounds relative to the Target sounds (i.e. Non-target--Standard--Non-target--Standard--Target *vs* Non-target--Novel--Non-target--Standard--Target). Furthermore, we only analyzed responses to those Non-target sounds that were, similarly to the Target tones, preceded by a standard tone and followed by a standard tone and a non-target sounds (i.e. Standard--Non-target--Standard--Non-target *vs* Standard--Target--Standard--Non-target).

The analysis of the reaction times was restricted to correct trials and responses that were given between 200 and 1200 ms after Target onset.

Reaction times and the number of correct responses were analyzed a 3 × 3 repeated measures ANOVA with factors Stimulus (Standard, Human novel, Non-human novel) as a within-subject factor and Condition (Sad, Neutral, Happy) as a between-subjects factor.

The N1/MMN and P3a responses elicited by Human and Non-human sounds were analyzed using separate 2 × 2 × 3 repeated measures ANOVA with factors ROI (Frontal *vs* Central), Stimulus (Human novel and Non-Human novel) as a within-subject factors and Condition (Sad, Neutral and Happy) as a between-subjects factor. The amplitude of the P3b to target tones at the posterior ROI was analyzed with a one-way ANOVA with Condition (Sad, Neutral and Happy) as a factor. The electrodes used in the amplitude analyses conventional choices for analyzing MMN, P3a and P3b amplitudes and represented well the peaks of response scalp distributions across the mood conditions.

Repeated measures ANOVAs were used to compare the self-reported emotional responses with Musical piece (happy, neutral and sad) as a within-subject factor. Univariate ANOVAs were used to compare music-baseline difference of the physiological measures across the mood conditions.

Post-hoc pair-wise comparisons were corrected using the false discovery rate procedure ([@nsx038-B5]).

Results
=======

Self-reported emotional responses
---------------------------------

Out of the three musical pieces, subjects reported feeling most happiness while listening to the happy musical piece \[*F*(2,88) = 21.59, *P* \< 0.001\]. Pairwise comparisons: happy \> neutral, *P* \< 0.01; happy \> sad, *P* \< 0.001; neutral \> sad, *P* \< 0.01) and most sadness while listening to the sad piece \[*F*(2,88) = 82,12, *P* \< 0.001\], Pairwise comparisons: sad \> neutral, *P* \< 0.001; sad \> happy, *P* \< 0.001; happy \> neutral, *P* \< 0.001). There were no significant differences in the linking ratings between the musical pieces \[*F*(2,88) = 2.21, *P* = 0.116\].

Physiological responses
-----------------------

No significant differences between the mood conditions were found for EDA \[*F*(2,42) = 0.01, *P* = 0.99), heart rate \[*F*(2,42) = 0.10, *P* = 0.91\] or heart rate variability in the high \[*F*(2,42) = 0.27, *P* = 0.77\] or low frequency range \[*F*(2,42) = 0.26, *P* = 0.77\].

Behavioral performance
----------------------

The reaction times were prolonged reaction times on trials following novel sounds \[Main effect of Stimulus: *F*(2,102) = 6.393, *P* \< 0.01\] ([Figure 2](#nsx038-F2){ref-type="fig"}). No significant effects of condition on reaction times were found. The subject also made more incorrect responses on trials following a novel sound than on trials following standard sounds \[Main effect of Stimulus: *F*(1.76,91.530) = 7.552, *P* \< 0.01\] ([Figure 2](#nsx038-F2){ref-type="fig"}). However, there was also a significant Stimulus × Condition interaction \[*F*(3.59,91.530) = 3.002, *P* \< 0.05\] suggesting that the magnitude of this distraction effect differed between the mood conditions. The post hoc pair-wise comparisons indicated that differences in error rates between standard and novel trials stemmed from the performance of the subject in the Happy condition. Namely, only these subjects showed significantly elevated error rates on novel trials (Non-human novel sounds: *P* \< 0.001, Human novel sounds: *P* \< 0.05) relative to standard trials whereas no significant difference in error rates between the stimulus types were found for the subjects in the neutral and sad conditions (for all contrasts, *P* \> 0.4). Direct comparison between the groups revealed higher error rates in Happy condition relative to the Sad and Neutral conditions for the Non-human novel sounds (*P* \< 0.01 for both).

![The percentage of correct responses and reaction times (ms) for the Standard-target and Novel-target trials in the happy, neutral and sad mood induction conditions and the corresponding 95% confidence intervals.](nsx038f2){#nsx038-F2}

ERP results
-----------

The Novel sound-minus-standard sound and Target-minus-non-target sound difference signals and their scalp distributions are displayed in [Figures 4](#nsx038-F4){ref-type="fig"} and [3](#nsx038-F3){ref-type="fig"}, respectively. The novel sounds in the non-attended channel elicited an N1/MMN-like negativity followed by a prominent P3a at fronto-central electrodes. The targets in the attended channel elicited a P3b response with the typical posterior scalp distribution.

![The scalp distributions for the N1/MMN, P3a and P3b for the subjects in the happy, neutral and sad mood induction conditions.](nsx038f3){#nsx038-F3}

![Non-human-novel-minus-standard and human-novel-minus-standard difference signals at the frontal and central ROIs (ROIf and ROIc) and Target-minus-non-target difference signals at posterior ROI (ROIp) for the subjects in the Happy, Neutral and Sad conditions.](nsx038f4){#nsx038-F4}

The N1/MMN, there was a significant main effect of Condition \[*F*(2,51) = 4.144, *P* \< 0.05\]. The post-hoc pair-wise comparisons indicated that the N1/MMN was significantly larger for the subjects in the Happy condition than for those in the Sad (*P* \< 0.05) or Neutral (*P* \< 0.05) conditions. There was also a significant ROI × Stimulus interaction \[*F*(I,51) = 5.883, *P* \< 0.05\] stemming from a larger N1/MMN amplitude at the central ROI relative to the frontal ROI for the non-human novel sound (*P* = 0.001).

No significant differences between the conditions were found for the P3a. There was a significant ROI × Stimulus interaction \[*F*(1,51) = 8.835, *P* \< 0.01\]. The post hoc pair-wise comparisons indicated that the P3a elicited by the non-human novel sounds was larger at the frontal ROI than in the central ROI (*P* \< 0.01) and that the non-human novel sounds elicited a larger P3a than the human novel sounds both at the frontal and central ROIs (*P* \< 0.05 and *P* \< 0.01, respectively).

For the P3b, there was a significant main effect of Condition \[*F*(2,51) = 3.293, *P* \< 0.05\]. After adjusting for multiple comparisons, the post hoc pair-wise comparisons indicated that the P3b of the subjects in the Happy condition was smaller at a trend level than the P3b of the subjects in the Sad and Neutral Conditions (*P* = 0.06 for both).

Discussion
==========

The current study indicates that music-induced positive mood broadens the scope of auditory selective attention. Specifically, we found that subjects who had listened to a happy musical piece showed augmented ERP responses to to-be-ignored novel sounds and reduced responses to target sounds. These electrophysiological results were echoed by behavioral data showing that these subjects also displayed elevated error rates on target trials following novel sounds. Thus, our results offer further support for the notion that positive mood broadens attentional scope ([@nsx038-B52]). To the best of our knowledge, this is the first study demonstrating that this effect is reflected in the neurocognitive functions measured by classical ERP indices of selective auditory attention, the N1/MMN, P3a and P3b, and can be achieved even with unfamiliar instrumental music.

Music-induced mood and auditory attention
-----------------------------------------

The N1/MMN elicited by the to-be-ignored novel sounds was attenuated in the Sad and Neutral mood conditions relative to the Happy mood condition. We attribute the diminished N1/MMN to more effective control over of resource allocation towards to-be-ignored auditory information. In line with this interpretation, a number of studies have found that ERPs and electromagnetic fields (ERFs)---including the MMN---obtained in dichotic listening paradigms to sounds in the unattended channel are attenuated already at relatively early stages of processing ([@nsx038-B74], [@nsx038-B73]). These findings have typically been taken as evidence that selective attention prevents the full processing of unattended sensory information ([@nsx038-B74], for a more refined model see [@nsx038-B62]). The enlarged N1/MMN in subjects in the Happy mood condition suggests that positive mood reduces the selectivity of auditory attention and allows more resources to be allocated to the processing of unattended sound streams.

In addition to enlarged N1/MMN, the subjects in happy mood showed reduced P3b for the target sounds relative to the other two subject groups. The P3b amplitude has traditionally been taken as an index of the amount of attentional resources available for stimulus processing. According to this framework, the current results imply that not only did the subject in the Happy mood condition allocate more resources to the unattended sounds but they also devoted less processing resources to the target sounds in the attended channel.

According to one model on the effects of positive mood on visual spatial attention, positive mood does not cause a reallocation of processing resources from foveal stimuli to peripheral ones but mobilizes additional resources for the processing of both supposedly by changing the balance between 'internal' and 'external' attention ([@nsx038-B16]) in favor of the latter ([@nsx038-B67]). This proposition is supported by studies suggesting that the enhanced processing of peripheral stimuli in positive mood does not come at the expense of processing foveal ones (reviewed in Vanlessen *et al.*, 2016). As mentioned above, the current study, in contrast, found evidence for a reduced allocation of attentional resources to the target stimuli. Thus, the current results suggest that in the auditory domain positive mood can induce a tradeoff between the processing of target and to-be-ignored sounds at least when the latter include highly distracting novel sounds.

In sum, the ERP results indicate that positive mood promotes more sensitive change detection for unattended sounds but also leads to less effective shielding against distraction from task-irrelevant stimuli as well as reduced allocation of processing resources to task-relevant stimuli. The finding that behavioral distraction effect was most pronounced in the Happy mood condition is in line with this interpretation. It bears reminding, that only some positive affective states might broaden attentional scope while those with high approach motivation may in fact cause more focused attention (Harmon-Jones *et al.*, 2012). Also, some studies have failed to find any effects of positive mood on attention ([@nsx038-B12]) suggesting that there are yet-to-be-determined factors that may preclude the broadening effect of positive mood on attentional scope.

The non-human novel sounds elicited larger P3a responses across the mood groups indicating that they more readily engaged the underlying attentional orienting mechanism. In line with this interpretation, the behavioral distraction effect (i.e. the increased error rates) also appeared stronger for the non-human novel sounds than for the human novel sounds. These were somewhat surprising findings given that a previous study using the same novel sounds in multi-feature MMN paradigm did not find such a difference between the novel sound types ([@nsx038-B58]) suggesting that the amplitude difference did not simply result form low-level acoustical differences between the novel sound categories. There are many methodological differences between the current and the previous study including that in the current study the subjects actively attended the right channel while the previous used a passive condition where the subjects watched a silent movie. Neuroimaging studies indicate that attending the right channel engages the left auditory regions ([@nsx038-B30]). There is evidence that relative to the right auditory areas, those on the left appear to be less sensitivity to non-speech human vocalizations ([@nsx038-B4]). Thus, one possibility is that attending to the right ear may be particularly disruptive for the processing of such sounds thereby makes them less attention catching.

The current results indicate that even instrumental music, that is unfamiliar to the listener and is selected by the experimenter and thereby cannot have explicit memory associations to real-life emotional events, can affect attentional scope via its emotional effects. Although the relation of music-induced and 'genuine' everyday emotions continues to be debated, functional neuroimaging studies suggest that the neural underpinnings of the two are at least partly the same ([@nsx038-B34]). Music-induced positive emotions such as joy and happiness ([@nsx038-B43]; [@nsx038-B9]; [@nsx038-B65]) and music-induced pleasure more generally have been consistently associated with the activation of the striatal dopaminergic reward system ([@nsx038-B7]; [@nsx038-B11]; [@nsx038-B41]; [@nsx038-B35]; [@nsx038-B53]). Since the influence of positive mood in attention has been suggested to be mediated by dopamine ([@nsx038-B3]; [@nsx038-B1]), elevated dopamine release is an obvious candidate for neurochemical mediator for the current results. Interestingly, Parkinson patients have been found to show less distraction after withdrawing from dopaminergic medication ([@nsx038-B17]) and a dopamine antagonist has been reported to improve performance in a spatial working memory task with visual distractors ([@nsx038-B40]). However, the findings that dopamine antagonists seem to increase distraction and augment neural responses to unattended sounds in a somewhat similar manner to the current results ([@nsx038-B33]) are at odds with a simplistic suggestion that listening to happy music simply increases dopamine levels in the brain, which in turn facilitates attentional switching at the expense of focus.

One might argue that the happy music affected attention simply because it was more arousing than the neural and sad music. However, the physiological measures did not reveal differences in physiological arousal levels between the conditions. Furthermore, a previous study directly examining the effects of physiological arousal (manipulated with exercise) found no evidence for broadening of attentional focus ([@nsx038-B28]). Future studies could test the contribution of arousal by including also low valence and high arousal musical material (e.g. scary music).

While the current results are compatible with theories proposing that positive mood broadens the scope of attention, they are inconsistent with the notion that all non-neutral emotional states disrupt cognitive control ([@nsx038-B49]). Namely, we found no evidence that sad mood induces heightened distractibility. In line with some earlier studies, sad mood did neither show any significant effects on the behavioral measures ([@nsx038-B14]; [@nsx038-B52]) nor the ERP responses. It could argued, of course, that listening to music cannot induce sadness that is intense enough to influence attentional scope. Although this explanation cannot be completely ruled out, previous studies do indicate that musical mood manipulation tends to be effective in inducing sadness ([@nsx038-B72]; [@nsx038-B32]) even when indexed by indirect measures that should be relatively insensitive to demand characteristics. Importantly, a [@nsx038-B72] found that after listening to the same sad musical piece employed in the current many subjects tended to show similar biases in interpretation and memory as after remembering sad life events that supposedly causes an affective state closely resembling real-life sadness. Obviously, this is not to say that music-induced sadness is identical to sadness elicited by actual personal losses. One clear difference between real-life and music-induced sadness is that while the first is considered negative and to-be-avoided, that latter is sought after and tends to mixed with other positive emotions ([@nsx038-B64]; [@nsx038-B50]). Thereby, the effects of emotions induced by sad music on attention might very well differ from those of 'genuine' sadness. Studies directly comparing the effects of sadness induced music listening and by conditions that elicit emotions more directly linked with real-life sadness might shed light on the issue.

Summary and conclusions
=======================

For the first time, the current study provides behavioral and ERP evidence that positive mood induced by unfamiliar instrumental music can broaden the scope of auditory selective attention. This effect manifested both as greater sensitivity to to-be-ignored sounds as well as reduced resources allocation to to-be-attended sounds. The results highlight the emotional power of music and the close interplay between affect and cognition.
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